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The gene for human neutrophil elastase (NE), a pow-
erful serine protease carried by blood neutrophils and
capable of destroying most connective tissue proteins,
was cloned from a genomic DNA library of a normal
individual. The NE gene consists of 5 exons and 4
introns included in a single copy 4-kilobase segment of
chromosome 11 at q14. The coding exons of the NE
gene predict a primary translation product of 267 res-
idues including a 29-residue N-terminal precursor
peptide and a 20-residue C-terminal precursor peptide.
Analysis of the N-terminal peptide sequence suggests
it contains a 27-residue “pre” signal peptide followed
by a “pron” dipeptide, similar to that of other blood cell
lysosomal proteases. The sequences for the mature
218-residue NE protein are included in exons II-V.
The 5’-flanking region of the gene includes typical
TATA, CAAT, and GC sequences within 61 base pairs
(bp) of the cap site. The sequence 1.5 kilobases 5’ to
exon I contains several interesting repetitive se-
quences including six tandem repeats of unique 52- or
53-bp sequences. The 5’-flanking region also contains
a 19-bp segment with 90% homology to a segment of
the 5’-flanking region of the human myeloperoxidase
(MPO) gene, a gene also expressed in bone marrow
precursor cells and a protein stored in the same neu-
trophil granules as NE. In addition, like the MPO gene,
the NE 5’-flanking region has several regions with
=75% homology to sequences 5’ to c-mye, but there is
no overlap between the NE-c-myec and MPO-c-myc
homologous sequences.

Human neutrophil elastase (NE; EC 3.4.21.37), a 218-
amino acid glycoprotein with two asparaginyl N-linked car-
bohydrate side chains and four intramolecular disulfide
bridges, functions as a powerful serine protease capable of
cleaving most protein components of the extracellular matrix,
a variety of proteins of the coagulation and complement
cascades, and Escherichia coli cell wall components (1-5). NE
is classed as an elastase because it is one of a small group of
mammalian proteases that function at neutral pH to cleave
elastin, a highly cross-linked rubber-like macromolecule pre-
sent in many extracellular matrices (3, 5). The sequence of
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the mature NE protein has been determined (2) as has the
three-dimensional structure using x-ray crystallography (4).
Like other proteases in its class, NE function is dependent
on the catalytic triad His*'-Asp®-Ser'™ centered at the NE
reactive site (3, 4, 6). When a substrate is presented within
the NE active site pocket, the transfer of a proton within the
triad allows the Ser'™ to become a highly reactive nucleophile
capable of attacking the peptide bond within the target sub-
strate (4, 6).

The bulk of NE in the human body is found in the mature
neutrophil where it is stored in azurophilic granules, lyso-
some-like structures distributed throughout the cytoplasm (3).
Despite its name, NE is not produced by neutrophils, only
carried by them (7). The available evidence suggests that the
humap NE gene is only expressed in bone marrow myelocytic
progenitor cells, and the gene is turned off prior to the time
neutrophils leave the marrow (7). The mature neutrophils
utilize the stored enzyme in phagolysosomes or export NE
when the neutrophil is stimulated or has been lysed (3, 5).

In addition to its likely role in normal tissue turnover and
host defense, NE is thought to play a major role in tissue
damage in acute and chronic inflammatory disorders (3, 5).
Abnormalities in NE gene expression have been implicated
in the pathogenesis of the susceptibility to infections in the
hereditary Chediak-Higashi syndrome (8). Furthermore, a;-
antitrypsin deficiency, a hereditary disorder associated with
inadequate defenses against NE, results in chronic destruction
of the alveolar wall and the development of emphysema (9).

In the context of these observations, it is apparent that
knowledge of the structure and function of the NE gene has
major implications for health and disease. As an initial step
toward understanding NE gene expression, the purpose of the
present study is to characterize the structure of the gene for
this powerful serine protease.

MATERIALS AND METHODS

Cloning and Sequencing of the Neutrophil Elastase Gene—A DNA
library from an incomplete Sau3A digest of genomic DNA of a normal
individual was constructed in A phage EMBL3 using standard meth-
ods (10). Starting with 5 X 10° A phage plague-forming units, the
library was screened using a **P-labeled 0.65-kb NE cDNA clone
(pPB15) insert as a probe (7). Three positive plaques were identified.
One 18-kb clone, designated ANE18.0, was chosen for study.

The DNA sequencing of the exons, exon-intron junctions, and the
5’- and 3’-flanking regions of the NE gene was carried out by the
dideoxynucleotide chain termination procedure (11) using modified
T7 DNA polymerase (United States Biochemical Corp.} (12) and
synthetic bidirectional oligonucleotide primers (10). To accomplish
this, the phage clone ANE18.0 was subcloned using M13 phage vectors
mp18 or mp19 or the plasmid vectors pUC13 or pUC19.

Identification and sequencing of the coding exons of the NE were
aided by knowledge of the protein sequence of the 218 residues of the
mature NE protein (2) together with the DNA sequence of the partial
NE cDNA clone (pPB15) that codes for residues 46-218 of the mature
protein plus a putative 20-amino acid C-terminal “precursor” peptide
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Fig. 1. Structure of the human neutrophil elastase (NE) gene. Exons are depicted by solid boxes (Iabeled
I-V), introns and flanking regions by a thin line. A, overview of the NE gene including five exons, promoter
consensus sequences (GGGCAATGC, TATAAGA, GGGCGG) 5' to exon I, the start codon (ATG, Met™) in exon
I, and the stop codon (T'GA) and putative polyadenylation signal (AATAAA) in exon V. The codons for N-terminal
(I[le') and C-terminal (GIn*"®) amino acid residues of mature NE protein reside in exon II and exon V, respectively.
The codons for the “catalytic triad” His*’-Asp*-Ser'™, which forms the reactive site of NE, reside in exons II, III,
and V, respectively. The codons for putative N-linked glycosylation sites Asn®** and Asn'* are in exon IV.
Restriction enzyme sites indicated include BamHI (B), EcoRI (E), Pstl (P), and Sall (S). The box at the 3’ end
represents the EMBL3 X phage arm. Horizontal arrows above the restriction map represent genomic subclones in
pUC13 (pPB16, pPB74), pUC19 (pPB17, pPB 73), or M13 (pPB75, pPB78, pPB80-pPB82). The regions marked
cDNA probe below the restriction map are the portions of the exon encompassed by the cDNA clone (pPB15) used
for the cloning of NE gene. The oligonucleotide gene probes used to detect exons I, II, and V are also indicated.
Three regions of Alu sequences are present; those indicated by open boxes define regions 3’ to exon I detected by
hybridization to DNA sequences of the Alu type (BLUR 8), and that indicated by a hatched box defines an Alu
sequence confirmed by sequencing. B, detailed restriction map and sequencing strategy for 1.5 kb 5’ to exon , the
five exons with portions of the adjacent introns, and the 3’-flanking regions of the NE gene. Horizontal arrows

indicate the direction and length of each fragment of DNA sequenced; X-marked regions also are sequenced at the
RNA level (see text).
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(7). To establish the exon sequences for those exon regions 5’ to
residue 46 of the mature protein, RNA sequencing was carried out by
the method of Geliebter et al. (13) using poly(A)* NE mRNA isolated
from the human promyelocytic cell line HL60, known to express NE
mRNA (7).

QOverall Structure of the Neutrophil Elastase Gene—The exon-
intron structure of the genomic clone ANE18.0 was determined from
the genomic DNA sequence, partial cDNA sequence (7), RNA se-
quence, restriction endonuclease mapping, and primer extension
analysis (14). The probes used to map the gene included the cDNA
clone (pPB15) together with 17-mer oligonucleotide probes (see Fig.
1A for identification of the regions covered by the individual probes).
The ¢cDNA was labeled with **P by nick translation (15) and the
oligonucleotide probes by 5’ end labeling (16). The location of the 5
end of the neutrophil elastase mRNA was identified by primer exten-
sion analysis (14) using a **P 5’ end-labeled oligonucleotide (corre-
sponding to residues 13-19 of the mature protein) as a primer.

During the evaluation of the overall structure of the NE gene,
Southern analysis of human total genomic DNA with the NE gene
subclones pPB16 and pPB17 as probes revealed a pattern of hybrid-
ization suggesting that the subclones contained sequences which were
present in high copy number in genomic DNA. To evaluate the
possibility that some of these sequences represented the common
“Alu” family of repetitive gene sequences (17), the NE genomic
subclone pPB74 was digested with restriction endonucleases and
evaluated by Southern analysis using a **P-labeled DNA sequence of
the Alu type (BLUR 8) as a probe (17).

Homologies with Other Genes—Homology search of the GenBan
and National Biomedical Research Foundation data bases were per-
formed using the DNASIS and PROSIS software from Hitachi Amer-
ica Ltd.

Copy Number and Chromosomal Localization—The number of NE
gene copies in normal human genomic DNA was determined using
#P-labeled NE ¢cDNA pPB15 as a probe and DNA (10 ug) from the
NE genomic clone ANE18.0 as a standard. To accomplish this, a
standard curve was constructed using known amounts of EcoRI-
digested ANE18.0 DNA equivalent to 0, 0.5, 1.0, 1.5, or 2.0 gene copies
with Micrococcus lysodeikticus DNA (10 ug, EcoRI-digested) as a
carrier (18). The samples were applied in individual dots on nitrocel-
lulose in parallel with 10-ug aliquots of EcoRI-digested human ge-
nomic DNA, and hybridization was carried out with the **P-labeled
c¢DNA probe. Quantitation was accomplished by scanning the auto-
radiograms.

The chromosomal localization of the NE gene was determined by
in situ hybridization using the NE ¢cDNA (pPB15) as a probe (7).
Human metaphase and prometaphase chromosome spreads were per-
formed from fluorodeoxyuridine-synchronized cultures of normal hu-
man blood lymphocytes. After denaturing the chromosomal DNA, in
situ hybridization was carried out at 37 °C for 16 h using a *H-labeled
¢DNA probe (specific activity, 10’ dpm/ug). Autoradiograms of the
hybridized slides were prepared and stored at 4 °C for 22 days, and
G-banding of the chromosomes was accomplished using 0.25% Wright
stain for 5 min. Grain locations on the autoradiographs were deter-
mined (19).

kTM
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RESULTS

Evaluation of the human NE genomic clone ANE18.0 by
DNA sequencing, partial RNA sequencing, Southern analysis
and primer extension analysis revealed 5 exons and 4 introns
dispersed over a 4-kb region (Figs. 1-4). The 5 exons range in
length from 93 bp (exon I) to more than 270 bp (exon V). The
smallest intervening sequence is between exons IV and V
(approximately 170 bp), while the largest is between exons III
and IV (approximately 1.8 kb). The major initiation point of
transcription is located 26 bases 5’ to the ATG start codon
(Met™, Fig. 4). The primer extension analysis also demon-
strated a faint band approximately 90 bp 5’ from this ATG;
it is possible this presents a minor site of transcription initi-
ation. The single, in-frame start codon for translation
(Met™) is located in exon I, and the single, in-frame stop
codon (TGA) is located in exon V. Within 61 bp of exon I,
the 5’ portion of the gene is flanked by consensus promoter
elements, including a CAAT box (GGGCAATGC, —61 to
—53), a TATA box flanked with G+C-rich segments (TA-
TAAGA, —31 to —25), and a GC box (GGGCGG, —18 to —13).
No “classic” promoter elements were identified 5’ to the
putative minor cap site approximately 90 bp from the start
ATG, but there is a CAAT-like box in the region starting at
—150 and a TATA-like box in the region starting at —624. In
exon V, 58 bp 3’ to the stop codon there is a typical polyade-
nylation signal sequence (AATAAA).

The protein sequence derived from the genomic DNA se-
quence predicts that NE is synthesized as a precursor protein
of 267 amino acids, including a 29-residue N-terminal exten-
sion and a 20-residue C-terminal extension flanking the 218-
residue mature protein (Fig. 3). The 29-residue peptide N-
terminal to the Ile' of the mature protein contains a high
proportion of hydrophobic amino acids, typical of a signal
sequence (20, 21). A typical consensus signal peptidase cleav-
age signal (Ala-Leu-Ala) (22) ends at Ala™®, suggesting that
the N-terminal extension actually represents a 27-residue
“pre” signal peptide (Met™ — Ala~®) followed by a 2-residue
“pron” peptide (Ser *-Glu™).

Following the “pre-pron” extension, the next 218 residues
predicted by the genomic sequence are identical to the se-
quence of the mature neutrophil elastase protein as deter-
mined by Sinha et al. (2). Comparison of the genomic DNA
sequence to the partial cDNA sequence of clone pPB15 de-
rived from the tumor cell line U937 (7) demonstrated that
they were identical except for a single, synonymous base
difference in the codon for Ser'” (Fig. 3). Interestingly, com-
parison of the sequence of the human neutrophil elastase
protein, partial cDNA sequence, and genomic DNA sequence
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Fi16. 3. Sequence of the 5’-flanking regions, all 5 exons and exon-intron junctions, and the 3’-
flanking region of the neutrophil elastase gene. The nucleotide sequences (first line) are shown with the
deduced amino acid sequence (second line). The region 5’ to exon I, all exons, and the region 3’ to exon V are in
upper case letters while the intron sequences are in lower case letters. The sequence of the 5’-flanking region is



Neutrophil Elastase Gene

A. B
HL60
bp
* .
)
Neutrophil elastase mRNA )
Met2(ATG) lle'  GIn'® TGA % > s
! e /—— ), ° 150 -
<« gmprimer o ~
(EAP 24) o
169bp § -
8
B
(=]
50 -

Fi1G. 4. Identification of the major site of transcription ini-
tiation for the neutrophil elastase gene by primer extension
analysis of HL60 mRNA. A, structure of neutrophil elastase
mRNA showing the position of the 5 Met™ (ATG), the Ile' of the
mature protein, the stop codon (TGA), and the poly(A) tail. The 5’
end of the primer (EAP 24) corresponds to the codon for GIn'?; the
3" — 5’ polarity of the primer is indicated. B, primer extension
evaluation of HL60 mRNA. A *P 5’ end-labeled synthetic oligonu-
cleotide (5 ng) corresponding to the region of exon II underlined in
Fig. 3 was annealed to poly(A)*-selected RNA (10 ug) and extended
by using reverse transcriptase. The reaction products were evaluated
using an 8% polyacrylamide gel. The arrow indicates the likely major
initiation point of transcription at a residue 26 bases upstream from
the initiator ATG codon and 169 bases from the 5" end of the primer.
A faint band, indicated by the asterisk, is presented further upstream;
this may identify a minor initiation site.

to that of the protein and partial cDNA sequence of a serine
protease called “medullasin” isolated from human bone mar-
row (23) reveals that medullasin is actually human neutrophil
elastase.

The sequences coding for the mature protein are spread out
over exons II-V, with the sequence for the N-terminal Ile'
close to the 5’ end of exon II and the sequence for the C-
terminal GIn?*® in the middle of exon V. The three compo-
nents of the catalytic active site His*'-Asp®**-Ser'™ are found
in three different exons (II, III, and V, respectively). Exon IV
contains the sequences coding for the two N-linked glycosyl-
ation acceptor sites (Asn®, Asn'*) that are used in the mature
protein.
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Beyond the GIn?*® C terminus of the mature protein, the
genomic sequence in exon V codes for a 20-residue “proc”
extension. Unlike the mostly hydrophobic prepeptide, the
proc peptide is composed of a mixture of hydrophobic, acidic,
and basic residues. Of interest, it contains a single cysteine
residue and is proline-rich (5 of 20 residues).

Evaluation of subclone pPB74 encompassing the entire NE
gene with a probe of Alu family sequences (BLUR 8) revealed
sequences of this type in the region 5’ to exon I, in the intron
between exons III and IV, and the region 3’ to exon V (Fig.
1). Evaluation of the sequence of the 5’-flanking region of
exon I demonstrated a typical Alu family sequence between
residues —577 and —218 (Fig. 3). In addition to the Alu-
related sequence, the sequence in the region 5’ to exon I has
a number of internal repeats (Figs. 3 and 5). In the region
starting —1032 bp 5’ to exon I, there is a 317-bp sequence
that contains six tandem repeats of 53 or 52 bp that are nearly
identical. Interestingly, the 10-bp segment occupying the 3’
position of each of these repeats are also found at two loca-
tions (—468 and —338) within the Alu-related sequence (=577
to —218). Within the 1418 bp of the 5’-flanking region that
was sequenced, there is also a pentamer, GGAGG, found 10
times, including twice in juxtaposition to the 10-bp repeat
(—478, —348); four of these repeats occur within the Alu
sequence (—577 to —218).

Comparison of the 5’-flanking region of the NE gene to
other 5’-flanking regions revealed regions of homology to
sequences 5’ to the myeloperoxidase (MPO) gene (24) and
the c-myc gene (25) (Fig. 5B). A 19-base pyrimidine-rich (18
of 19 bases) sequence in the NE gene 5’-flanking region has
90% homology with an analogous region of the MPO gene.
Although different from the region of homology between the
NE and MPO genes, there are five regions of =75% homology
between the NE and c-myc genes.

While the NE gene and its flanking regions contain a
variety of repetitive sequences in the noncoding regions, the
gene and its flanking regions are, as a whole, present in only
one copy. In this regard, evaluation of gene copy number by
dot hybridization using the NE clone ANE18.0 as a standard
demonstrated that the NE gene was represented only once in
the human haploid genome (Fig. 6). This result was supported
by Southern blot analysis of human DNA using the partial
NE ¢DNA pPB15 as a probe. When EcoRI-digested human
DNA was hybridized with **P-labeled pPB15, a single 6.0-kb
hybridization band was identified, identical in size to the
EcoRI subclone pPB74 (data not shown). Consistent with
these observations, in situ hybridization with *H-labeled NE
¢DNA pPB15 to chromosomal spreads prepared from normal

numbered from —1 to —1418 starting 5’ to the major transcription initiation “cap” site. For the 5’-flanking region,
+ indicates a 5-bp repeat and 4 indicates a 53- or 52-bp repeat; ® indicates a 10-bp repeat within and outside the
53- or 52-bp repeat; and hatched boxes indicate the “CAAT,” “TATA,” and “GC” putative promoter sites. For the
coding exons, amino acid numbers are shown on the third line. Negative numbers (—29 to —1) refer to the putative
pre signal peptide (—29 to —3) and prox peptide (—2 to —1). The N terminus of the mature protein (Ile') is in exon
I, and the C terminus of the mature protein (GIn?*®) is in exon V. There is a putative C-terminal “proc” precursor
peptide of 20 residues (219-238). The region underlined in exon II signifies the complementary antisense
oligonucleotide used in the primer extention study to identify the cap site (see Fig. 4). The single, in-frame start
codon ATG is indicated as start, ®, the single in-frame stop codon TGA is indicated as stop, =, and the putative
polyadenylation signal (AATAAA) in the 3’-noncoding region is underlined. Exon-intron boundaries were deter-
mined by comparison of the genomic sequence with the NE cDNA sequence and NE RNA sequence. At the exon-
intron junction boundaries where a coding exon is split, the corresponding amino acid is shown in brackets. Open

boxes have been placed around the N-terminal Ile' and the C-terminal Gln

218 of the mature protein, stippled boxes

around the two (Asn®, 1_\sn“‘) N-linked oligosaccharide attachment sites used in the mature protein, and hatched
boxes (His*', Asp®, Ser'™) represent the catalytic triad forming the active site. Arrowhead (V) at residue Ser'™ in
exon V indicates a single base difference between the genomic DNA sequence (TCC) and ¢cDNA sequence (TCA)

(7) coding for the same amino acid.
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FiG. 5. Structure of the 5’-flanking region of the neutrophil elastase gene. A, overall structure of 1418
bp 5 to the NE cap site (indicated by +1, CAP). The sequence of the region is shown in Fig. 3. Evaluation of the
sequence demonstrates putative promoter consensus sites (CAAT, TATA, GC) within 61 bp 5’ to the cap site.
Region —577 to —218 contains Alu-related sequences. Region —1032 to —716 contains six 53- or 52-bp repeats that
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present 10 times within the 1418-bp 5’-flanking region. B, homologies between the 5’-flanking regions of the NE
gene, the myeloperoxidase (MPO) gene, and the c-myc gene, excluding Alu sequences (open boxes). The sequence
for 293 bp of the MPO gene analyzed was that of Morishita et al. (24) and the 2451 bp of the c-myc gene that of
Siebenlist et al. (25). Only regions of homology =75% are shown. The numbers bracketing each homologous region
are indicated as minus base pairs from the cap site of the MPO gene and the second initiation site for transcription
of the c-myc gene. The black boxes above the MPO sequence and below the c-myc sequence are the regions of
homology between the 5’-flanking regions of MPO and c-myc observed by Morishita et al. (1987); note that the
homologies between NE and MPO and those between NE and ¢-myc are different from the MPO-c-myc homologous

regions.

human lymphocytes demonstrated a single location for the
gene at q14 on chromosome 11 (Fig. 7).

DISCUSSION

Characterization of the gene for NE reveals it has many
features common for the serine group of proteases (26), but
with some components apparently specific for NE. Like most
serine proteases, the NE gene sequence predicts a precursor
protein with the signal and pron peptides. In addition, the
NE gene predicts a proc peptide. This predicted structure has
potential relevance to the evolution, targeting, and activation
of this protease.

Evolution—Mammalian serine proteases are thought to
have derived from a common ancestor by divergent evolution
(27). In this context, evaluation of the primary sequence and
three-dimensional crystallographic structure of NE demon-
strates a number of features typical of the serine protease
family, particularly the conservation of the His-Asp-Ser cat-
alytic site (4). Consistent with this concept, the structure of
the NE gene shows a number of features typical of this family,
including: 1) each of the three components of the catalytic
triad is coded by sequences in a different exon, and, for each,
the codon for the active site amino acids is within 18 bp from
the 3’ or 5’ end of the exon (28, 29); 2) the coding exons
predict a precursor protein with the signal and pron peptides
(29, 30); and 3) the sequence for the protease domain is spread
over several exons (4 for NE), and the introns between the
exons coding for the protease domain follow a consistent

pattern of location and phase (28, 29). Interestingly, compar-
ison of the gene structure of NE to that of the other serine
proteases localized to cells derived from bone marrow in which
the gene sequence is known (cathepsin G, mast cell protease),
shows an even more remarkable similarity than among the
serine proteases in general (31, 32). For this subgroup of
serine proteases, the prox peptide is always 2 amino acids
with the sequence X-Glu. In contrast, the proy peptide of the
pancreatic cell serine proteases are 6-20 residues in length
and end in Arg or Lys (28, 33), and many other serine
proteases have even longer pron peptides and many end in
Arg (30). In addition, the introns of mast cell protease are
identical in location and phase to those of NE (32). Consistent
with the concept that the serine proteases derived by divergent
evolution, they are widely dispersed throughout the genome.
In this regard, the NE gene is localized at 11q14. The pro-
thrombin gene is the closest known serine protease, mapping
at 11p11-q12 (34).

Targeting—In the granulocytic series, NE is found in the
neutrophil and its progenitors in bone marrow (35). After
synthesis, NE is eventually shunted into so-called “azuro-
philic” or “primary” granules, 0.5 um of lysosomal-like struc-
tures found in the cytoplasm of granulocyte precursors from
the promyelocyte stage onward (35, 36). The mechanism by
which NE is targeted to these granules is unknown. In the
context that azurophilic granules are lysosomal-like, it is
reasonable to assume that the targeting may be similar to
lysosomal enzymes in general. In this regard, if one of the
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Fi1G. 6. Determination of the copy number of neutrophil
elastase gene in human genomic DNA using a *?P-labeled
cDNA (pPB15) as a probe. Total human genomic DNA digested
with EcoRI was evaluated using the NE genomic clone ANE18.0 as a
standard (equivalent to 0, 0.5, 1.0, 1.5, 2.0 gene copies). The autora-
diographic images of the dot hybridizations were scanned, and the
value for zero copies subtracted from the other values. The absorbance
of the dots is displayed (in arbitrary units, on the ordinate) versus
the number of gene copy equivalents present in the dots (on the
abscissa). Closed circles represent absorbances of the standard curve
of gene copy equivalent dots of the NE clone ANE 18.0. Open circles
represent absorbance of the total human genomic DNA (10 ug/dot).
Inset, example of the dot blot analysis for standard curve (left) and
genomic DNA (right). The standard curve was fitted using the method
of least squares.

carbohydrate side chains of the mature NE contains terminal
mannose residues, it is possible that, like other lysosomal
enzymes, mannose residues are phosphorylated in the Golgi,
recognized by a mannose 6-phosphate receptor, and the NE
shunted to lysosomes (37).

In the context that the NE gene predicts that the protein
is produced in a precursor form, it is conceivable that the pre,
prox, or proc peptides play some role in the targeting of the
enzyme. The 27 N-terminal residues predicted by the NE gene
sequence are so typical of a pre signal peptide, it is likely that
this peptide targets the newly synthesized protein to the
endoplasmic reticulum and that this peptide is removed in
the process (20-22). Possible roles for the pron and/or proc
pieces in the targeting process, if any, are only speculative.
Comparison of the predicted NE precursor sequence to other
components of the neutrophil azurophilic granules in which
the precursor sequence is known in whole or in part (e.g.
myeloperoxidase, cathepsin G, cathepsin D, and 3-glucuroni-
dase) does not give any direct clues to how the targeting
occurs (24, 31, 38, 39). It is of interest, however, that the N-
terminal sequences of preproinsulin can direct the translation
and glycosylation of an irrelevant protein by mammalian
microsomal membranes (40), i.e. the N- and/or C-terminal
precursor peptides may be responsible for targeting of NE.

Activation—Like other proteases, NE is a potential hazard
to the cell producing it, and thus it is reasonable to assume
that the primary translation product, even without the “pre”
sequence, is inactive. Although the general structure for NE
predicts a primary translation product of 267 residues of the
form pre-pron-NE-proc, the amino acid sequence of the pro-
tein found in azurophilic granules is the mature form of NE,
it is likely that the NE is activated prior to, or during, storage

14745

d:. .\. \‘3\'3 ;/‘; :: 8:‘
: E é EEE
L ; x

. ‘ . H 5

, E 3 B o8 2
:

E

-

ll][[.[lll
z.ll[l![lu
c TN TIIIDe

s TN lD
)
SCITERINBCED » CHNHNERDGED

13

I

N Il!ho
<~(H

5 HHIBNEI

e H.
o -
X ox i
= s
. = =) J £
17 18 19 20 21
FiG. 7. Chromosomal localization of the human neutrophil
elastase gene. Shown is a schematic representation of fluorodeox-
yuridine-synchronized Wright-stained metaphase chromosomes de-
picting all chromosomal grains observed in 40 cells evaluated by in
situ hybridization with a *H-labeled, 0.65-kb insert of cDNA clone
(pPB15). Of the total grains observed, 20% were localized to band
11q14. In the upper part of the figure is shown 10 examples of

chromosome 11 from different metaphases, with arrows indicating
the individual grains.

in the azurophilic granules. For most serine proteases, the
“activation” occurs after cleavage of an N-terminal pro se-
quence of the inactive zymogen (27). Such N-terminal “acti-
vation” peptides can be of varying length, as short as 6 amino
acids for bovine trypsinogen (6) and as much as 560 amino
acids for plasminogen (27), and thus it is possible that the
prox and/or the 20-residue proc peptide have such a function.
In this regard, cathepsin G, another serine protease stored in
the neutrophil azurophilic granules, has a predicted proc
peptide.” In addition or alternatively to a role in activation,
the pron and/or proc peptides of the NE precursor may have
other functions. In this regard, the pron peptide of carboxy-
peptidase A inactivates carboxypeptidase A itself (41).
Modulation of NE Gene Expression—Despite its name, NE
is not synthesized by neutrophils, as evidenced by the obser-
vation that mature blood neutrophils contain no detectable
NE mRNA transcripts (7). However, human bone marrow
precursors contain NE mRNA transcripts and studies with

%J. Travis, personal communication.
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the HL60 tumor cell line have shown that when stimulated
to differentiate toward the granulocytic series, NE mRNA
levels increase, and when stimulated toward the monocytic
series, NE mRNA transcripts decrease. Together, these ob-
servations suggest the NE gene is activated in promyelocytes,
myelocytes, and metamyelocytes but is shut down prior to the
departure of the mature neutrophil from the marrow.

Evaluation of the DNA sequence 5’ to exon 1 of the NE
gene reveals several interesting segments that may be relevant
to NE gene expression. First, there is remarkable homology
of the 19-base pyrimidine-rich (18 of 19 bases) sequence with
the 5’-flanking region of the MPO gene, an enzyme found in
the same cell types and also stored in the azurophilic granules
(24). However, the MPO gene is likely activated earlier and
shut off earlier in myelopoiesis than in NE (42). Furthermore,
while activation of HL60 cells with dimethyl sulfoxide up-
regulates the NE gene, it suppresses the MPO gene (42).
Thus, if this region of homology bears relevance to the acti-
vation of these genes, the mechanisms involved are likely
complex.

Second, the region 5’ to the NE gene also contains several
regions of homology to the region 5’ to the proto-oncogene c-
myc (25). Homology between the regions 5 to MPO and c-
myc have also been noted (24), although such segments are
all different from the NE-c-myc homologous regions. Inter-
estingly, when HL60 cells are stimulated with either dimethyl
sulfoxide or PMA, c-myc mRNA transcripts rapidly disappear
(43), while dimethyl sulfoxide increases the numbers of NE
transcripts and PMA has the opposite effect. Thus, like the
NE-MPO 5’ homologies, the relevance of the NE-c-mye ho-
mologies, if any, is presently obscure.

Third, in addition to these homologies, the 5’ region of the
NE gene contains a variety of repetitive sequences. Among
these, the 6-fold tandem repeats of 53 or 52 bp represented
are of interest, although their function is unknown. For ex-
ample, the 21- and 72-bp tandem repeats of the SV40 pro-
moter function as enhancer elements binding gene activation
proteins (44, 45). In addition, functional repetitive elements
have been identified in other eukaryotic genes including those
of humans (46-48). The 5’ region also contains 10 repeats of
the pentamer GGAGG. While any pentamer sequence would
be expected once every 1024 bp on a theoretical basis, the
GGAGG repeat occurs 10 times in the 1418-bp sequence
immediately 5’ to exon I of the NE gene, i.e. an average of
once every 142 bp, a frequency more than 7 times expected.

Finally, while all of the available evidence suggests the cap
site 26 bp 5’ to the ATG is the major site of NE gene
transcription, there may be a minor transcription initiation
site approximately 90 bp 5’ to the ATG. Assuming a typical
200-250-base poly(A) tail, both initiation sites are compatible
with 1.3-kb size NE mRNA identified by Northern blot analy-
sis (7). Interestingly, while there are no typical TATA or GC
boxes in association with this second site, there is a CAAT
box-like sequence in the region starting at ~150 and a TATA-
like box sequence in the region starting at —624. Thus, it is
conceivable there may be an additional 5’ exon(s) and asso-
ciated controlling elements for this gene.
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